Yot
SB g Ol cblis glayiag s &yl
VAT o,k o lowd o, le 9 Conmn Al
http://jwsc.gau.ac.ir

S (g5 5 9 SPOLAT SR> 5 00l b wgw y 4L Pl s iludue

TSl T puandl gl 9" e g sela F b (i paases’ 5 sle S0l g Lusgs
a8 S ol (g ls pel 05 8 Slsliad (sl S ol (s sl 05 8 Al el IS w2l
AUV 2oy sl € Q0N il g0

2
;:317@%7 G shaes 5 aailn g, Of iS .ol e ol Lo gy e Gl DL Sl i 5wl
Sl s sl e e Gl Sl Ll 5 (St glaesle b e 3L s g L
Wil s s Db s e il s gy 30T 5 U K3 sdes O 5 S CBlis (gl
a0 K s i ow al al s el 5S35 5 1s83 Sl g L et 35501 &S 0T 51
355 Olal slaely 51 (S 5T Sy ol p OGO SUSS sla sy & & ey UL pukies o 35505
e 23 SN 03 P e S B Kls e WS ) Gnl Sl g ami G i S e 8
Wils 3y yatie 05 S Gl s Db e pdis Col (Sl Canb s e el s Cleay 5 AL
Ly gy Sb e Al oS ol Ko 5 Stir O S5 la iy 5l ol st 5o bl ol o dsl
= 0155 o Soas 33 opl 68 5a bdd eslina] UG 3 el cilides OVl 3 fare 0 Jldie S sl
25 e 1 bae a5 plnal glasl g 53 e L £ 580
351 sy okl Koo 5 S 0,85 00 sy i owie Sladis Sl sl cnl 3 il by, g 5l e
oslitl QLS Slial 53 5538 3 wlagy 5o Wy 15 5w SSL s Wl oKl e s L
IX0 5 el gl IVO it 53w andlas 30 oKl Sler blae Cogey = o5 glaesls gt pl 4 s S
5o o ekdenls 35l Sl dslae leslatal b sy Hllde caon g (35 5 Ldd SS& Q)Aﬂélﬁ
Lt RO bl il 5 5t eslial b dolas [ 5 Sz 05 S5 slaps S s 8 ol ¢ Bl gy
Slie WJie Gl b s a5 Ogesl S1eslinad U 3as 55 opl ekte sla mell g ldde s S
A aesloe (LA8 B ilisee Jlazl sl 55 00 G w g e s
A3 Sl ple asls 5 s JAV/O 500 (Y/0 eSSz 55 sy Db By 33 ol S 84 L otlaadl
YV 547 5l 5 540 RMSE s Loes g 5 ol sbaolSas] 3 bolas K ) A jasede oSy
2 o5 YEMT 51807 5 4 RMSE i U 6155 5 ac S50 slaelSasl 55 St O S5 5 555 0 05

b odd 35l s RMSE Uil slne e L sl e SL 3551 (o) o e Olsens 5,

s.m.seyedian@gmail.com 45 J yes *

Yoy



YA (£) 0 louds (TE) s SB 5 o Cblis glbing}s 4 i

)VO'O JAN 44 )J\JJ g_,.:.':'JJA.: ;A;\J'; 9 M}S)b‘ ceb‘)} w.,\.l_<;.>.- LSLQ°L<':“‘“{\ DL &:.m% g ) A LS“’L"“

(a.,\.O M\JJJ s )Lf b)j]ﬂ@)ﬁl} A\Sd‘ﬁojw &:wd% UJMJWWJ\J olis C;LIJ ‘5;49.5_-;3

LS oo 35l 65t ot e b o ) s Db s e (5 e (gl cilises (glacaalad
BB Ciloses VL 53 gy e e 00 S 6l ol K 5 St 0o S5 sla s 3l eslizal
Rl 3l XS e ol lasile Ctle sl il 5 s Srouln 4 5305 SeS l pl sl gt

as e 2l il e adae e Sl 30 &S L Sl i e (b

J}fgﬁmbb‘})ahféiwdi.\}céw Qj:.w;) cuﬁ)w&xﬂ.";wdhaj/j

e S,y 333 e 350 cal by ((F0) sl
Sl b ot ls 5 Sl badlng, s 545
(YY) el o sl Sopde sl Ll s b
< gy b :))Tﬁ Sl sl Sldlls (O ST
g bogy plb .ol ad S om0 iy,
Aol et e Caale 5oy Dl 0l 4
Sl bl o o 5l 5 dbtag; 5o e, J
355054 3B s ol Glae gy e 3
I san Rl 0 aead Slse, Gy
ol s S b s gl 0Ky
3ol 3 s Gk LYY 5 YY) Ws S ez
Cogoh 5 Dok g Sl Sols pal ged adilra g,
Slllee o gladle s 558 e el (gloyso
3 s 0k Om e daly ol dla 5 G
s b ol b cpl el ol sl o
5 oelhols e GhKes 5 D) e
3 o SenS) S Gl (T LS
OLea 5 Sl 36 Gl (YVE LK
S i 3 JEL) e S 4K (Y
5 eblmd) Olaiy by slageile 5 (YeeA
Lo (P OLKas 5 Sl S8 ¥ ol
(Y210 OLKan 5 s oo d) o gy ol ) oS 5
(Y809 0T AL AY QD) asl e dsl e

V&

EVRT

IS s s e s ol e 0l

Copde aos) 3 daseean odes g s
55 TAO 350 &S (g sbay 39y o sladias 4
LobLl 5o Ol mhaw 5o Gl 5 e
ol (b Sl i ol St 5l
S gy a5 25 g cpisds anl )l VU s
B P N ISP C IS (NS ERC PR
S Db slge ol 53 Slee Olguy el o s
5 S e oS > sy, Of b LS e
obed Dok e 5B Ol sl Gl ) s
Aas o aslsl u\ﬁT); 397 s 4 A0y, o L
e g Abogy b s Gl Jb s

() 5 e S| e b 5 ol
il laacar pzmen 5 Ao, S5 20 e
ol s A eseta el
Sy 3550 ol I8 5L S s slassLe
s & bailss g,y Jaw g O JEl 5 okd Jax
N sl mle sronbn o3 el 5 e
5 b b s &Sl g mll g, JLa
2 0 Gt O s (Sssae slasle
SRSV - HENCE P g S 1E
(S JUsl slaass) K58 LU 53 Slsmy

o e a5 (G1iS cg) S slaaal T



Ol 9 315 de (6312 Lugo

Lsls Olas (Ye10) OLea 5 ol silaas

Jis gl @ bt 5l ) i o
g5 5wl Ll 4w g Lol S0 S sy
slidy opl ssm g Sdea (YY) ol ooplae 5L
e i e 0 Sl o Ll o)
Sisr e gla s, s ol s s
S e G35 Segte 4 B e
Al (YA) dael Jesine o8 K gl il
s Ko wile ola iy b s Lk 23l
Sl A5l 5 e S (QRY) S 03w S, 5 RF)
Jhal @ a5 L1y dose Gy b (0 S
5Nl eal Ll S sy s
slesls LB o jikwa (Y0)0) OLKen
g Sy las K 55y 5l ASTER et
() g J)JL}JB @L:j 5 LS ealeial [~ LR
Laosls gduad o sl (YOVV) Sl 5 (gola b
sl RFDY) islas K alis ple o) 5
Sl ol slme gy ol Lols 0L 5 W S
Sl (A cul baesls alis phs s
O sla pane S Q}:..u)f) sls olas (YY)
oo ot e 5 40 S (5 25 L
5 SO, S Osae S5 3l eslinal b (Y1) AS s
S esliad L1y ey ke (YorA) O Kes
Sl [ et 2 e s et sl
ot QRFY) Stz 04 S5 [ 5 RF)
Lol &l gla g, ann &S sls OLES C,L; IUVELY
S RE 4 ol s ioml 8ee ot slaa
ehe Stz O30S, K umeas s QRF
@35 35 b1y Slses 35505 5 st Senl
R BEGIECY phe wals ol 3B A <al;_;,\

oo onl ey 5l S &S aeS sl 1 Je

2- Hysteresis

3- Random Forests

4- Quantile Regression

5- Random Forest Dissimilarity
6- Quantile Regression Forests
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1- Sediment Rating Curve
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1- Generalized Linear Models
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Table 1. Statistically parameters Jangaldeh, Nodeh, Arazkoose and Ghazaghli stations.
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1- Root Mean Square Error
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Figure 2. Scatter plot of discharge-sediment load in stations (A) Jangaldeh and (B) Nodeh for 1971-2013
period, (C) Arazkoose for 1968-2014 period and (D) Ghazaghli for of 1971-2013 period.
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Table 2. The best values of Quantile Regression and Random Forest variables in Jangaldeh, Nodeh, Arazkoose
and Ghazaghli stations.
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Figure 3. Sediment rating curves in the range of uncertainty 2.5%, 50% and 97.5% quantile regression for
Arazkoose station.
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Figure 4. The Cumulative Distribution Function (CDF) in stations: A) Jangaldeh and E) Nodeh; the
Probability Mass Function (PMF) Jangaldeh station for discharges: B) 0.25, C) 1.9 and D) 3.4 m*/s and the
Probability Mass Function Nodeh at the station for discharges: F) 1.78, G) 3.64 and H) 4.90 m/s.
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Figure 5. The Cumulative Distribution Function in stations:
Probability Mass Function Arazkoose station for discharges:

A) Arazkoose and E) Ghazaghli and the
B) 1.5, C) 4.9 and D) 21.2 m%s and the

Probability Mass Function Ghazaghli at the station for discharges: F) 14, G) 32.3 and H) 109 m’/s.
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Figure 6. Box plot of daily suspended sediment load given various discharge in stations

B) Nodeh, C) Arazkoose and D) Ghazaghli.

Yy

: A) Jangaldeh,



YA (£) 0 louds (TE) s SB 5 o Cblis glbing}s 4 i

15 5w sS 50 s g 0l sLaelims) 53 RF 5 QR SRC Jue 4w b (Ton/day) oud 5,51 5 o gwy polie —¥ Jgu
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Abstract

Background and Objectives: Assessment of suspended sediment load is very important. Water
quality and environmental is under impression of sediment load. As well as the design of
hydraulic structures and other water supply facilities, watershed management, soil conservation
programs and another major problem caused by sediment yield is dependent on the accurate
estimation of sediment load. As a direct estimation of sediment load is very difficult and time
consuming, so this led the researchers to estimate sediment load as indirect that it is possible to
resort to various methods. One easy way to indirectly estimate the sediment load is sediment
rating curve. It can only represent invariable amount of sediment in flow and due to various
factors in nature may be there is several sediment load for a known flow rate. On the basis of
this study quantile regression and random forest methods was used that can estimate sediment
load for a given flow rate in the various probability. The use of these two methods can be
analyzed sediment load in great flood and special events.

Materials and Methods: In this study, sediment rating curve models, quantile regression and
random forest was used to estimate sediment load in four stations Gorganrood River Jangaldeh,
Nodeh, Arazkoose and Ghazaghli in Golestan province. For this purpose, flow and sediment
data was collected at four studied stations and separated into two parts, 75% for training and
25% for testing. The rating curve was obtained using fitted power equation between discharge
and sediment load. Quantile regression and random forest algorithms were implemented using R
statistical software. The optimal values of the variable parameters of the two methods were
determined using trial and error method. By running the model, the amounts of sediment
associated with specified flow were calculated in different probability level (1% to 99%).
Results: Using these two methods, sediment load was estimated in quantiles 2.5, 50 and 97.5%,
respectively and range of uncertainty was determined in each station. In Jangaldeh and Nodeh
stations random forest were selected as best method with RMSE criterion 96 and 210 tons per
day and quantile regression were selected as best method with RMSE criterion 6453 and 24886
tons per day in Arazkoose and Ghazaghli stations. Classic rating curve method estimate
sediment load in Jangaldeh, Nodeh, Arazkoose and Ghazaghli stations with RMSE 199, 288,
7505 and 25811 tons per day respectively.

Conclusion: The results showed that classic sediment rating curve not only unable to estimate
the sediment load in the range of uncertainties in specified flow rate but also estimates sediment
load with more error. Quantile regression and random forest methods can be estimate sediment
load in various probabilities for a specified flow and this has contributed greatly to accurate and
comprehensive planning for the construction of hydraulic structures and in this way, the dangers
of the destruction of the facility reduction due to the great flood.
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